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Summary Report

Oak Grove Village Well
Superfund Site — OU2
City of Sullivan Landfill

1. Introduction

This Phase | Preliminary Site Characterization Summary Report (report) describes the
implementation and findings of the Phase 1 Site Characterization, an environmental
site investigation conducted between 2010 and 2012 to evaluate the City of Sullivan
Landfill (Landfill), located in Operable Unit 2 (OU2) of the Oak Grove Village Well
Superfund Site in Franklin County, Missouri. On behalf of TRW Automotive U.S. LLC
(TRW), ARCADIS U.S., Inc. (ARCADIS) performed the Site Characterization at the
Landfill in accordance with the Work Plan for Remedial Investigation and Feasibility
Study (work plan [ARCADIS 2010]) and pursuant to the Administrative Settlement
Agreement and Order on Consent for Remedial Investigation/Feasibility Study (AOC)
between the United States Environmental Protection Agency (USEPA) and TRW. The
USEPA signed the AOC on September 28, 2009.

Several terms describing locations are referred to throughout this report. For the
purposes of this report, the following terms are defined below:

e 0OU2is an area designated by the AOC, is located to the northeast of Oak Grove
Village, and includes the landfill and the La Jolla Spring Cave Complex

(Figure 1-1).

e The Landfill comprises a 28-acre cell, perimeter roads, and property adjacent to
the landfill fence line (Figure 1-2).

e The Site is the area defined in the AOC as the “city of Sullivan landfill and areas
where contamination has come to be located.”

o Site Investigation Area (Sl Area) describes the area that is the focus of sampling
conducted during the Phase 1 Site characterization.

1.1 Purpose and Objectives

The Phase | Site characterization was completed to meet, in part or in full, the following
objectives of the remedial investigation/feasibility study (RI/FS) process:

e Define the Sl Area’s physiography, geology, and hydrology.

e Determine if the Landfill is a source area of constituents of potential concern
(COPCs) in groundwater.

e Better define the surface and subsurface pathways of migration.
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e Collect data to better determine the extent of migration of COPCs to better
understand the nature and extent of impacted groundwater at the Sl Area.

e Assess the risk to human health and the environment based on historical and
current data collection efforts (if necessary).

e Evaluate appropriate remedies (if necessary).

As prescribed by the AOC, the findings of the Phase 1 Site Characterization will
determine whether additional phases of work are required to meet the RI/FS
objectives.

1.2 Scope of Investigation

The Phase | Site Characterization included a variety of tasks completed during a
3-year period. The major elements of the scope of work included:

¢ Install two bedrock borings beneath the Landfill to depths between 410 and
420 feet below ground surface (bgs).

e Perform geophysical logging of the boreholes to characterize bedrock
stratigraphy and to identify fractures, voids, or other zones of potential water
yield.

e Collect discrete groundwater samples to identify specific depths where COPCs
may be present and to characterize variability in COPC concentrations with

depth.

e Install two groundwater monitoring wells (one shallow and one deep) within each
of the bedrock borings for permanent groundwater monitoring.

e Conduct quarterly sampling of the new wells and a specified set of existing
groundwater monitoring wells for 1 year.

e Sample and gauge seeps and springs under varying seasonal conditions.

e Sample and gauge streamflow in Winsel Creek, a stream located east of the
Landfill.

Section 3 of this report describes the implementation of these tasks.

G:\Aproject\TRW - Oak Grove\KC001590.0003\Reports\Site Characterization Report\ TRW PSC Report - 13May13.docx



Phase | Preliminary
Site Characterization
Summary Report

Oak Grove Village Well
Superfund Site — OU2
City of Sullivan Landfill

2. Investigation Background
2.1 Landfill History

The Landfill (Figure 2-1) operated as a municipal and industrial waste disposal facility
from 1970 to 1975. Both industrial and municipal wastes were accepted in the ravine
portion of the Landfill. The Landfill was permitted by the Missouri Department of
Natural Resources (MDNR) in 1974. In 1975, operations in the ravine portion of the
Landfill were being phased out. Trench cells were constructed on the north end of the
Landfill. In 1978, the MDNR issued a permit for an 8.5-acre area for trench-type
disposal. In 1982, an additional 0.5-acre trench area was permitted by the MDNR.
During trench construction, an industrial waste cell was constructed to store
approximately 200 drums. The Landfill ceased accepting waste in 1983.

Six groundwater monitoring wells were installed at the Landfill in 1992. In May 1992,
approximately 149 drums (55-gallon capacity) and 32 buckets (5-gallon capacity)
deposited in the industrial waste cell were removed by Laidlaw Environmental
Services, Inc. under the supervision of ABB-Environmental Services (ABB-ES). None
of the drums were found to have leaked. ABB-ES submitted a Closure Plan Report to
the MDNR in 1993 (ABB-ES, 1994). Construction of a landfill cap and associated
leachate collection system began in 1994 and was completed in 1995 (ABB-ES 1996);
the MDNR approved closure of the Landfill in 1996. The Landfill is currently part of a
30-year post-closure care program that involves biennial sampling of groundwater
monitoring wells and landfill cap inspections.

2.2 Site Investigation Area

The study area of the Phase | Site Characterization (i.e., the Sl Area) includes the
Landfill and a region of public and private land considered to be potentially
downgradient from the Landfill, an area extending from the Landfill east as far as the
Meramec River (Figures 1-1 and 2-1). The major features of the SI Area and its vicinity
include:

e The Landfill, which is a capped, grass-covered, 28-acre landfill located on top of a
hill and is accessible from Emma Lane. The Landfill is fenced and is kept locked.

e The area immediately surrounding the Landfill, which includes farmland (to the
north), the City of Sullivan’s wastewater treatment plant (approximately 700 feet to
the northeast), a small slaughterhouse (immediately to the east), and generally
open or wooded land. Some private residences are located west of the Landfill on
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Emma Lane, and a trailer park is located approximately 1,500 feet north of the
Landfill, beyond a farm field.

e Winsel Creek, an intermittent stream that flows in a counterclockwise arc beyond
the east side of the landfill. The creek passes as close as approximately 300 feet
from the landfill (to the southeast), where it is approximately 60 feet lower in
elevation than the landfill crest. The creek continues to descend downstream to the
north and west.

e Meramec State Park, encompassing most of the Sl Area east of Winsel Creek.
The parkland is mostly rugged, undeveloped forest, with steep terrain descending
more than 250 feet in elevation eastward to the Meramec River. The river valley is
deeply dissected by several west-to-east trending tributary valleys; Copper Hollow
is the largest.

e Several caves and large springs, most located in the tributary valleys adjoining the
Meramec River. The two most notable caves include the privately owned La Jolla
Spring Cave Complex and Fisher Cave located within Meramec State Park.

The Landfill lies outside and to the northeast of Oak Grove Village, a small semirural
community, which is adjacent to and generally northeast of the larger city of Sullivan.
The Oak Grove Village municipal water wells (OGV Well #1 and #2) are located
approximately 1 mile to the southwest of the Landfill.

2.3 Topography and Drainage

The terrain in the Sl Area is divided between a high, gently rolling upland in the west,
and a rugged, deeply dissected valley to the east (Figure 2-2). The division between
these two regions is a low ridge that forms a surface-water divide between two major
surface watersheds:

e The plateau in the western part of the Sl Area drains northward to the Bourbeuse
River, approximately 10 miles distant. Winsel Creek, a tributary to the Bourbeuse
River, captures surface runoff near the Landfill, from Oak Grove Village and much
of Sullivan.

e The steep-sided valleys in the eastern part of the Sl Area drain eastward to the
Meramec River.
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It is important to note that in the Sl Area, the boundaries of surface drainage basins do
not correlate with groundwater drainage basins. The Sl area lies in a region of Missouri
that is subject to karst, the process of preferential dissolution of rock by circulating
groundwater. Karst forms where groundwater progressively enlarges the existing flow
paths (such as bedrock fractures), increasing the aquifer transmissivity and altering its
drainage patterns by creating networks of interconnected conduits. The caves and
springs found near the Meramec River are the clearest evidence of karst in the S| Area.

The high transmissivity of many karst aquifers means they can be extremely effective at
transmitting water to base-level streams, often limiting the hydraulic need for higher-
order surface streams such as Winsel Creek. As discussed in Section 4.3.1, the bed of
Winsel Creek is more than 100 feet above the groundwater levels in the bedrock aquifer
beneath it, making the stream (when flowing) both perched and losing.

Given the complex relationship of groundwater and surface water in the Sl Area, water
falling on the ground near the Landfill may take several different pathways. Surface
water originating from the Landfill will flow to Winsel Creek, and eventually to the
Bourbeuse River, if it does not infiltrate first. Water infiltrated directly, or carried in
Winsel Creek but then lost from infiltration or swallows will flow as groundwater toward
the Meramec River and most likely discharge at springs. In the Sl Area, all groundwater
is interpreted to flow to the Meramec River, the local base level.

2.4 Geologic Context

The Sl Area is located in a region of the Ozark Plateau underlain by an estimated
1,000 to 1,500 feet of gently dipping sedimentary rock, dating to the Cambrian and
Ordovician Periods. These strata consist chiefly of dolomite, with lesser amounts of
sandstone and minor shale. The geologic setting is described in numerous previous
studies (Imes and Emmett [1994], Robertson [1991], Van Dike [1996], Thompson
[1991]), and from previous site-specific reports (e.g., MDNR 2007). A generalized
stratigraphic column is shown on Figure 2-3. The occurrence of these strata in the
Sl Area is shown in map view and cross section on Figure 2-4. The principal units of
interest to this investigation include (from the shallowest to deepest):

¢ Roubidoux Formation (Ordovician), consisting of sandstone, sandy dolomite,
dolomite, chert, sandy chert, and cherty dolomite. The Roubidoux is typically the
shallowest bedrock unit present throughout the upland plateau underlying Sullivan
and Oak Grove Village. The unit is eroded and absent in the Meramec River valley.
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e Gasconade Dolomite (Ordovician), consisting of medium to coarsely crystalline
dolomite, finely crystalline dolomite, and cherty dolomite (Thompson 1991).
Informally, the Gasconade Dolomite is separated into an "upper" interval that is
relatively chert-free and may contain sandstone stringers, and a "lower" interval
that may contain more than 50 percent chert. The Gasconade Dolomite
sporadically includes a sandstone member, the Gunter Sandstone, at the base of
the unit. The Gunter Sandstone occurs as a medium-grained quartzose
sandstone, where present. The Gasconade Dolomite is present at its full thickness
(approximately 210 feet) beneath the upland plateau, but is deeply eroded in the
Meramec River valley, present only in the high bluffs but absent in the valley
bottoms.

¢ Eminence Dolomite (Cambrian), consisting of light gray, medium to coarsely
crystalline cherty dolomite with some light-colored shale partings. Bedding in the
Eminence Dolomite is generally medium to massive. A major diagnostic feature of
the Eminence Dolomite is the chert content, which occurs as seams, ledges, and
irregular masses (Thompson 1991). The Eminence Dolomite is present throughout
the entire Sl Area, exposed only in the valley bottoms in the Meramec River valley.

e Potosi Dolomite (Cambrian), consisting of brown to gray, fine to medium
crystalline, massive, poorly bedded dolomite with zones of quartz druse (Hayes
and Knight 1961) and chertified algal forms, possibly stromatolites. Banded quartz
druse is a prominent diagnostic feature of the Potosi Formation (Grohskopf and
McCracken 1949). The Potosi is intact beneath the entire Sl Area, with no surface
exposures.

The base of the Potosi Dolomite is estimated to be approximately 800 feet bgs near
the Landfill (Smith et al. 2004). Deeper sedimentary bedrock, comprising primarily
dolomite, shale, and sandstone, continue below the Potosi Dolomite down to the
Precambrian basement at estimated depths of 1,000 to 1,500 feet bgs.

The dominant structural trend in this region of Missouri is a gentle north to
northeastward bedding dip, descending away from the St. Francois Mountains farther
to the south. In the Sullivan area, the regional trend is complicated by the presence
of an isolated volcanic knob that rises more than 1,200 feet from the Precambrian
basement and is exposed at grade to the west of Sullivan. The younger Paleozoic
sedimentary rocks were deposited upon this knob (rather than intruded by it); thus,
younger bedrock is not significantly deformed. However, bedrock in the Sullivan area
contains several minor normal faults that create vertical offsets in the stratigraphic
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section. One such fault is shown in the plan-view inset on Figure 2-4, but was not
interpreted to extend as far north as the Landfill.

Site-specific observations relating to the geology of the Sl Area are presented in
Section 5.

2.5 Regional Hydrogeologic Setting

The Sl Area and surrounding region overlies two bedrock aquifer systems separated
by a confining unit (Imes and Emmett 1994). From shallowest to deepest, these
hydrostratigraphic units include:

e The Ozark Aquifer (approximately 800 feet thick in the SI Area), including the
Roubidoux Formation, Gasconade Dolomite, Eminence Dolomite, and Potosi
Dolomite.

e The St. Francois confining unit (180 to 330 feet thick) consists of the Derby-
Doerun Dolomite and the Davis Formation.

e The St. Francois Aquifer (350 to 650 feet thick) comprises the Bonneterre
Formation and the Lamotte Sandstone.

Of these hydrostratigraphic units, the Ozark Aquifer is the chief concern within the
Sl Area, comprising as much as 800 feet of the uppermost bedrock. The underlying
St. Francois confining unit provides some hydraulic separation between the Ozark
and the St. Francois Aquifers.

The Ozark Aquifer is characterized as a karst aquifer (Imes and Emmett 1994) in
which the dominant groundwater pathways follow integrated networks of fractures
and other void spaces that have been enlarged by the progressive dissolution of the
dolomite bedrock. The dominance of conduit networks and the high transmissivity of
karst aquifers distinguish them from non-karst aquifers in several ways:

e Extreme heterogeneity of flow, with the majority of flow occurring within the
conduit system instead of being evenly distributed throughout the aquifer mass.

e Tortuous flow paths (in the vertical and horizontal dimensions) governed by
hydraulic gradients and the geometry of conduit networks.

G:\Aproject\TRW - Oak Grove\KC001590.0003\Reports\Site Characterization Report\ TRW PSC Report - 13May13.docx



Phase | Preliminary
Site Characterization
Summary Report

Oak Grove Village Well
Superfund Site — OU2
City of Sullivan Landfill

e Abnormally deep water tables, often below the elevation of high-order surface
streams (such as Winsel Creek, in the Sl Area).

e Groundwater drainage basins formed around networks of interconnected conduit
that may bear no resemblance to surface drainage patterns.

Evidence of karst in the Sl Area is abundant, including sinkholes and a losing stream in
the upland area, caves and springs in the Meramec River valley, and significant voids

reported in wells from the Site and throughout the Oak Grove/Sullivan area.

Site-specific observations relating to the hydrogeology and groundwater flow are
presented in Section 5.
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3. Previous Environmental Investigations

This section discusses previous environmental investigations performed at OU2,
according to the Settlement Agreement and AOC (USEPA 2009). TRW is on record as
not agreeing with all the conclusions provided in the reports summarized below.

3.1 Hydrochemical Investigation — 1990

In August 1990, the City of Sullivan entered into a hydrochemical investigation with the
U.S. Geological Survey (USGS) as a result of leachate samples collected from the
landfill, as well as groundwater samples collected from several area wells, including the
Oak Grove Village municipal well #1, a former City of Sullivan municipal well, and the
Landfill monitoring wells.

During the hydrochemical investigation, the USGS sampled three of the largest seeps
from the landfill for volatile organic compounds (VOCs) and metals. Results indicated
the presence of tetrachloroethene (PCE) at concentrations ranging from 8 to

19 micrograms per liter (ug/L) and trichloroethene (TCE) at concentrations ranging
from 150 to 370 pg/L. TCE degradation products, Freons, and other COPCs were also
detected.

In September 1990, the MDNR issued a citation to the City of Sullivan based upon
available sampling results and the annual solid waste disposal facility inspections. In
response to the MDNR citation, the City of Sullivan constructed berms around the cited
seeps to help prevent off-site migration of leachate.

In October 1990, the City of Sullivan issued a Notice of Liability letter to the Ramsey
Corporation (owned by TRW) and Meramec Industries as primary contributors of
hazardous waste to the Landfill.

After the City of Sullivan's Notice of Liability letters were mailed, a potentially
responsible party (PRP) group was formed to address contamination from the Landfill.
This group comprised TRW, the City of Sullivan, and the Meramec Group.

3.2 Sullivan Area Tracer Tests

In 1991 and 1994, the MDNR’s Division of Geology and Land Survey performed five

dye tracer tests in the Sullivan area. One of these tracers was injected into a sinkhole
at the closed Landfill. The tracer was identified in La Jolla Spring 179 days after the
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tracer was released into the sinkhole. The conclusions of the tracer tests were disputed
by TRW (TRW 2005) and Ewers (Ewers 1994). Ewers suggested that, based on the
conservative quantities of dye and sensitive analytical techniques used for the test, it
would be difficult to conclude that tracer put in the sinkhole at the Landfill is the same
as that detected in La Jolla Springs.

3.3 Landfill Drum Removal — 1992

In May 1992, prior to landfill closure, the PRP Group removed approximately

149 drums (55-gallon capacity) and 32 buckets (5-gallon capacity) that had been
deposited in the industrial waste cell. The PRP Group installed six monitoring wells at
the Landfill to determine if contaminants were migrating from the Sl Area. The
shallowest monitoring well (MW-105) was drilled to 177 feet bgs; the deepest
monitoring well (MW-102A) was drilled to an approximate depth of 275 feet bgs.

3.4 Groundwater Sampling

Several COPCs, including TCE and Freon 11, have been detected in all six of the
Landfill monitoring wells (MW-101, MW-102A, MW-102B, MW-103, MW-104, and
MW-105) since their installation in 1992. TCE concentrations have been detected at
concentrations ranging from 0.5 to 6.6 ug/L, and Freon 11 has been detected at
concentrations ranging from 1.4 to 197 pg/L.

The Voss well (354 feet deep), a private well located adjacent to the Landfill, has had
TCE detections during sampling events since 2000 at levels ranging from 1.6 to
5.4 pug/L, and Freon 11 at levels ranging from 15 to 120 pg/L.

3.5 Missouri Department of Natural Resources Remedial Investigations

In 2005, the MDNR drilled three deep monitoring wells as part of the Phase Il remedial
investigation (RI) for the Oak Grove Village Well Superfund Site. One of these wells
was located 250 feet south of the Landfill. The well was drilled 501 feet bgs, for a total
depth of 505 feet. As part of the Post-Phase Il investigation, the borehole at the Landfill
was completed as a dual-elevation well. The open annulus of the well (from 104 to

280 feet bgs) is referred to as MW-1A and the deeper open-hole section (below the
riser from 349 to 505 feet bgs) is referred to as MW-1.

In April 2006, the MDNR collected samples from MW-1A and MW-1. Both field analysis
and laboratory results showed small concentrations of TCE and other COPCs in
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MW-1A. No concentrations above the laboratory reporting limits were detected in the
deeper MW-1.

During Phases | and Il of the RI, the MDNR conducted periodic sampling of private
wells located near the Landfill. Several COPCs, including TCE and Freon 11, were
detected in private wells located west of the closed Landfill. Two of these private wells
had TCE detections above the maximum contaminant level (MCL) of 5 pg/L and were
provided whole-house filtration systems by the USEPA in 2003.

In 2005, TRW provided comments to the MDNR on the Phase Il RI/FS and the
Proposed Plan for the Oak Grove Village Well Site (TRW 2005). Additionally, in 2007,
TRW provided comments to the MDNR on the Post-Phase Il RI/FS and the Proposed
Plan for Interim Action at the Oak Grove Village Well Site, Operable Unit 1 (TRW
2007). These comments highlighted data gaps that prevented the delineation of the
nature and extent of COPCs near the Landfill, and suggested that the conclusion that
the Landfill is a source of COPCs to groundwater cannot be conclusively determined
with the available data.

3.6 La Jolla Spring Cave Complex Sampling

From October 2002 to January 2005, the USEPA and the MDNR conducted six
sampling events (air and water) in the La Jolla Spring Cave Complex. Sample results
detected the presence of Freon 12; Freon 11; 1,1-dichloroethene (1,1-DCE);
methylene chloride; cis-1,2-dichloroethene; TCE; toluene; m,p-xylene;
1,4-dichlorobenzene; PCE; ethanol; 2-propanol; and acetone. In the cave air, Freon 11
was detected at concentrations as high as 270 micrograms per cubic meter (pug/m°)
and TCE was detected as high as 1,700 ug/m®. Water samples within the La Jolla
Spring Cave Complex detected Freon 11 at concentrations as high as 2.13 pg/L and
TCE at concentrations as high as 12.6 pg/L. For comparison, analytical results from
sampling performed in the La Jolla Spring Cave Complex in 2010 indicated TCE
concentrations ranging from not detected to 5.1 pg/L.

3.7 MDNR Landfill Sampling — 2005

In 2005, the MDNR conducted a multimedia investigation of the Landfill, consisting of
gas sampling of the passive landfill vents, geophysical logging using a membrane
interface probe, and collection of discrete soil, leachate, and subsurface gas samples
using direct-push methods (MDNR 2006). The MDNR concluded that the Landfill does
produce methane when sufficient moisture is present to support methanogenesis.
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Additionally, the sampling performed by the MDNR indicated the presence of VOCs
(including TCE, vinyl chloride, cis-1,2-DCE, PCE, and methylene chloride) and Freon
compounds (including CFC-11 [Freon 11], CFC-12 [Freon 12], CFC-113 [Freon 113],

and CFC-114 [Freon 114]) in the Landfill leachate.
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4. Site Investigation

4.1 Overview

The Phase 1 Site Characterization was composed of tasks designed to simultaneously:
o Evaluate whether the Landfill was a source of COPCs to groundwater.

e Sample surface water and springs in areas where, if an impact from the Landfill
existed, COPCs could plausibly be transported via groundwater.

Note that the spring and surface-water sampling points included in the investigation are
not uniquely associated with the Landfill. The catchment of each sample point is
assumed to be significantly larger than the Landfill and to potentially encompass other,
unrelated sources of COPCs.

4.2 Site Investigation Area Reconnaissance

Prior to the scheduled start of drilling and sampling activities on April 6, 7, and 8, 2010,
representatives of ARCADIS, the USEPA, the USGS, and the MNDR completed a
reconnaissance of the S| Area. The reconnaissance was completed to locate proposed
drilling and sampling locations, identify potential accessibility issues, and reach
agreement on selected sampling locations. The areas visited include:

e Landfill. The proposed drilling locations for new wells MW-107 and MW-108 were
located and staked (Figure 4-1).

e Winsel Creek. The reconnaissance team evaluated an approximately 1-mile-long
reach of Winsel Creek, starting southwest of the Landfill and extending
downstream, northeast of the wastewater treatment plant settling ponds. No
springs or seeps were identified in this reach. Four stream locations suitable for
sampling and gauging were identified (Figure 4-2). The area between the Landfill
and Winsel Creek was also reconnoitered for possible seeps; however, none were
found.

e Copper Hollow. The reconnaissance team hiked to Copper Hollow (an area
accessible only by footpaths in Meramec State Park) to locate springs for
sampling. Tin Cup Spring and Copper Hollow Spring were located. No other
significant springs were identified along Copper Hollow. Cane Hollow, a small
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valley immediately south of Copper Hollow, was also explored; however, no
additional springs were identified.

e La Jolla Spring/Meramec Cavern. The reconnaissance team was granted access
to Meramec Caverns and was escorted by cavern personnel through the
developed portions of the cave. Two sampling and gauging locations were
identified located on the primary cave stream (SW-LJ-01 and SW-LJ-03), and a
third located a small tributary stream entering from the north (SWLJ-02). Locations
are shown on Figure 4-3.

e Fisher Cave. The reconnaissance team was granted access to Fisher Cave and
was escorted into the cave by a Missouri state park ranger. Three sampling and
gauging locations were identified (Figure 4-4). Two upstream locations (SW-FC-02
and SW-FC-03) were located on the two primary tributaries streams that join inside
Fisher Cave. A third sample location (SW-FC-01) was located farther downstream
in the primary cave stream, just inside the cave entrance.

The sampling points were sketched in a field log and, except for cave sample points,
were located using a handheld global positioning system. Water quality data including
temperature, pH, and specific conductance were collected with field instrumentation,
following the procedures described in the Field Sampling Plan (FSP; included as
Attachment 3 to the RI/FS Work Plan [ARCADIS, 2010]).

4.3 Surface-Water and Spring Characterization

Sampling was performed on Winsel Creek and in selected springs and cave streams
within the Sl Area to assess the presence of COPCs at these locations (Figure 4-2).
This task consisted of two sampling events:

e May 25, 26, and 27, 2010. Sampling and gauging of Winsel Creek, and targeted
S| Area springs and cave streams. This sampling event was scheduled to occur
during wet season conditions.

e October 13 and 14, 2010. Sampling and gauging of targeted Sl Area springs and
cave streams. This sampling event was scheduled to occur during dry season
conditions and did not (as planned) include a repeat sampling event in Winsel
Creek. The creek was dry at the time of the sampling event.
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Sections 4.3.1 and 4.3.2 describe the scope and methodology of the sampling that was
conducted.

4.3.1 Winsel Creek Sampling and Gauging

Winsel Creek is an intermittent stream located south, east, and north of the Landfill, as
shown on Figure 4-2. The stream bed of Winsel Creek is at a lower elevation than the
Landfill; therefore, the potential exists for surface-water runoff from the Landfill to reach
the creek. During the site reconnaissance, ARCADIS identified four sampling locations
in Winsel Creek:

e SW-WC-01, selected at a location downstream of the Sullivan Treatment Plant
outfall. This sampling location was chosen to be sufficiently downstream of the
outfall that effluent and stream flow would be well-mixed.

e SW-WC-02 and SW-WC-03, selected as representative locations between the
landfill and the creek.

e SW-WC-04, selected at a location upstream of the landfill.

Leachate seeps, observed historically on the periphery of the Landfill, are also
considered to be potential exposure pathways. During the Site reconnaissance, the
area between the Landfill and Winsel Creek was reconnoitered for possible seeps;
however, none were found. If ARCADIS had identified seeps, they would have been
incorporated in the sampling program. Note that seeps were not observed by field
personnel at any point during the Phase 1 field program despite periods of prolonged
wet weather. The current absence of seeps is consistent with a significant long-term
decline in leachate production observed in the Landfills leachate collection system
since its implementation (based on conversations with Sullivan Public Work
Department staff).

In accordance with the work plan (ARCADIS 2010), the sample points identified on
Winsel Creek were sampled once for the full list of COPCs, as presented in Table 4-1.
The sampling event occurred on May 25, 2010, concurrent with the first round of spring
and La Jolla Spring Cave Complex sampling.

Grab samples were collected at each point, following one of the recommended

surface-water sampling procedures contained in the FSP. Samples were pumped
directly to the sample containers using a portable peristaltic pump with dedicated
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tubing. The tubing inlet was placed beneath the water surface in the center of the
flowing section of the creek at each sample location. Field parameters of temperature,
conductivity, and pH were recorded using a field meter deployed directly into the
stream.

At each of the four sampling locations, the flow in Winsel Creek was gauged using the
velocity-area method, using a flowmeter to measure the average current velocity at
regular intervals across a perpendicular transect of the stream. The meter used, a
Marsh-McBirney Flo-Mate Model 2000 portable electromagnetic flowmeter, was
approved by USGS field personnel. Because stream depths were in all cases less than
1 foot, the standard assumption was that velocity measured at 0.6 times the measured
depth approximated the average velocity in the vertical profile.

At each sampling location, USGS representatives acting on behalf of the USEPA
collected duplicate analytical samples, and performed independent flow gauging.

4.3.2 Spring and Cave Stream Sampling and Gauging

The Sl Area reconnaissance, described above, identified eight spring and cave stream
sampling locations between the Landfill and Meramec River based on accessibility and
geographic distribution. The locations included two springs, three cave stream
locations inside the La Jolla Spring Cave Complex, and three cave stream locations
inside Fisher Cave. Each location is shown on Figure 4-2. The approach to sampling
and gauging each is described below.

4.3.2.1 Spring Sample Locations

e SW-CH1 (Copper Hollow Spring), a large spring emerging from a bedrock bluff
near the entrance to Copper Hollow Spring Cave on the south flank of Copper
Hollow, approximately 1,700 feet upstream of its junction with the Meramec River.
The spring emerges as a well-formed, 5- to 6-foot-wide channel that could be
gauged by the velocity-area method using a standard flow meter.

e SW-TC1 (Tin Cup Spring), a small spring discharging from a bedrock orifice in the
south bank of Copper Hollow Creek approximately 2,200 feet upstream of Copper
Hollow Spring. The spring emerges less than 1 foot above the primary stream
channel and cascades down a poorly formed rock and gravel chute. To measure
flow, a flexible container was used to capture the flow for a timed period (a rubber
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hip wader was the most effective container available). The water was then
transferred to a graduated bucket to quantify the volume of discharge.

4.3.2.2 LaJolla Spring Cave Complex Sampling Locations (Figure 4-3)

e SW-LJO1, located inside the La Jolla Spring Cave Complex on the primary cave
stream, approximately 900 feet from the main cave entrance. The location is at the
most downstream footbridge crossing the cave stream in the developed portion of
the cave. At this location, the stream is approximately 16 feet wide and averages
approximately 2.2 feet deep. The footbridge provides a safe transect location for
collecting samples and gauging flow without wading into the cave stream. Flow
was measured by the velocity-area method using a flowmeter lowered over the
upstream railing of the footbridge.

e SW-LJO2, located inside the La Jolla Springs Cave Complex approximately
1,100 feet from the main cave entrance. The location is on a minor tributary to the
main cave stream that enters from the north, down a section of the cave known as
the Atomic Shelter Passage. During the May 2010 event, flow in the tributary was
insufficient to gauge reliably; however, samples could be collected. During the
October 2010 event, the tributary was dry and samples could not be collected.

e SW-LJO3, located inside the La Jolla Springs Cave Complex on the primary cave
stream approximately 1,700 feet from the main cave entrance. The location is at
the upstream terminus of the developed section of the cave. Due to safety
concerns, it was agreed with the USEPA and the USGS that samples would be
collected at SW-LJO3, but that no flow measurement was required. (Note that the
USGS completed flow measurements at both SW-LJ01 and SW-LJ03 during each
sampling event.)

4.3.2.3 Fisher Cave Sampling Locations (Figure 4-4)

e SW-FCO01, located in Fisher Cave’s primary cave stream immediately inside the
cave entrance. The cave stream forms from two principal tributaries (sampled
individually at SW-FC02 and SW-FCO03) that combine inside the accessible portion
of the cave and flow out the mouth of the cave onto the floodplain adjacent to the
Meramec River. Flow gauging was completed by velocity-area method using a flow
meter.
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e SW-FC-02, located on the southern tributary to the primary cave stream in Fisher
Cave. The location is approximately 1,500 feet from the cave entrance on a section
of the cave known as the Weeping Willow Passage. Flow gauging was completed
by velocity-area method using a flow meter.

e SW-FC-03, located on the northern tributary to the primary cave stream in Fisher
Cave. The location is approximately 1,400 feet from the cave entrance on a section
of the cave known as the Grand Canyon. Flow gauging was completed by velocity-
area method using a flow meter.

At each location, samples were collected using a peristaltic pump with the tubing inlet
deployed in midstream and at the center of the water column. For springs, the intake
was placed as near to the spring orifice as feasible. Where the centerline of the stream
could not be easily reached from shore (as in the La Jolla Cave Complex samples), the
tubing was affixed to a pole and extended to the target depth and position. Water
samples collected from the La Jolla Spring Cave Complex were analyzed for the same
list of COPCs required for groundwater monitoring, as presented in Table 4-2. Samples
collected from the other springs and cave stream locations were analyzed for TCL
VOCs only. Field parameters of temperature, conductivity, and pH were recorded using
a field meter deployed directly into the stream.

4.4 Groundwater Characterization

The groundwater characterization tasks for the Phase 1 Site Characterization were
focused on the Landfill. In general, the tasks comprised:

e Drilling and testing two deep bedrock boreholes
¢ Installing and developing a pair of nested monitoring wells in each borehole

e Collecting four quarters of groundwater samples from the new and existing Landfill
monitoring wells

The scope and methodology for these tasks are discussed below.
4.4.1 Boring Locations and Site Preparation

The two proposed drilling locations were identified and marked during the preliminary
reconnaissance on April 6, 7, and 8, 2010 (Figure 4-1). These locations were identified

G:\Aproject\ TRW - Oak Grove\KC001590.0003\Reports\Site Characterization Report\ TRW PSC Report - 13May13.docx

18



Preliminary Phase 1
Site Characterization
Summary Report

Oak Grove Village Well
Superfund Site — OU2
City of Sullivan Landfill

by the USEPA as the areas of the landfill that would comprise the highest potential for
detecting elevated concentrations of VOCs in groundwater beneath the Landfill, based
on known hydrologic conditions (a sinkhole) and past visual observations (observed
seeps). The two locations are described below:

¢ MW-107, located in the northwest corner of the Landfill. This location was
recommended by the USEPA based on its proximity to a former seep, previously
observed on the northwestern edge of the Landfill. (Note that the seep was not
observed to be active at any point during the Site Characterization field program.)
The location is also on the edge of the landfill most proximal to a trailer park where
VOCs have been detected in groundwater.

e MW-108, located in the approximate center of the Landfill near a sinkhole that has
been noted historically.

The selected locations were on open, generally flat ground on crest of the landfill,
accessible by traversing the grass-covered landfill cap. A gravel ramp was constructed
at the entrance to the landfill to permit rig and support truck access. Under dry
conditions, the landfill was judged to adequately support the drilling rigs and support
vehicles. Under persistently wet or thawing conditions, it was necessary to restrict
vehicle movement to limit damage to the landfill cap.

Before drilling began, ARCADIS completed the following utility avoidance measures:
e Contacted the Missouri One-Call System.

e Obtained and reviewed site plans, including landfill utilities and municipal sewer
lines.

e Consulted a knowledgeable person representing the City of Sullivan to verify that
no utilities were present near the drilling locations.

4.4.2 Borehole Drilling and Testing

On October 14, 2010, drilling commenced for the boreholes for new monitoring wells
MW-107 and MW-108 and continued with several interruptions until reaching the final
depths of the boreholes on September 1, 2011. As specified in the FSP, drilling
consisted of a series of steps, including varied drilling methods, collection of samples
for screening level analysis, and geophysical logging. Due to the step-wise drilling plan,
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the two boreholes were advanced concurrently rather than in series. Where
appropriate, the drill rig moved back and forth between the two locations to expedite
the drilling process. The drilling and testing processes are described below.

4.4.2.1 Overburden Drilling

The initial stage of drilling advanced each borehole through the landfill materials using
an auger rig. At each borehole, the landfill waste consisted primarily of mixed municipal
trash with some concrete rubble. As specified in the FSP, no split-spoon samples were
collected and field identification was based on auger cuttings. Air monitoring was
completed using a photo ionization detector and 4-gas meter.

The base of landfill materials at each boring was found at approximately 16 feet bgs,
where the top of the weathered Roubidoux Formation sandstone was encountered.
Because of difficulties with hole stability, temporary 24- and 20-inch conductor casing
were used to keep the borehole from caving until the next stage of drilling was
completed.

Boreholes were checked periodically for potential leachate. No liquid was observed.
4.4.2.2 Installation of Surface Casing

With the landfill materials supported by temporary conductor casing, drilling continued
using a cable-tool rig. At each borehole, a 19.5-inch-diameter cable-tool bit was
advanced approximately 10 feet into the bedrock surface. The cable-tool drilling
method required introduction of potable water as a drilling fluid. Screening-level
samples to detect the potential presence of COPCs were collected as direct grab
samples of drilling slurry (the mixture of drilling water and cuttings). The samples
indicated in the table below were submitted for analysis of VOCs. USGS
representatives collected split samples.

Boring Sample Depth Sample
. Sample Type
Location (feet bgs) Date
MW-107 16 4/26/2011 Grab sample of drilling slurry
MW-108 26 11/12/2010 Grab sample of drilling slurry

Drilling continued to a depth of 27 feet bgs at MW-107 and 26 feet bgs at MW-108.
Sixteen-inch steel casing was installed and grouted in place in each borehole using the
methods described in the FSP.
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4.4.2.3 Vadose Zone Rock Drilling

As specified in the FSP, each borehole was advanced through the upper section of
rock and permanently cased off to approximately the same elevation as the casing in
existing well MW-1 (i.e., 755 feet above mean sea level [amsl]). This measure was
taken to isolate the vadose portion of bedrock, maintaining hole stability for deeper
drilling and limiting potential downhole leachate migration, if encountered.

Drilling in the vadose rock zone was performed with a cable tool with a 14-inch-
diameter bit, using potable water as a drilling fluid. Grab samples of drilling slurry were
collected for VOC analysis from the depths indicated in the table below.

Boring Sample Depth Sample
Location (feet bgs) Date Sample Type
MW-107 97 5/16/2011 Grab sample of drilling slurry
MW-107 185 6/17/2011 Grab sample of drilling slurry
MW-108 80 11/19/2010 Grab sample of drilling slurry
MW-108 141 12/1/2010 Grab sample of drilling slurry
MW-108 185 12/15/2010 Grab sample of drilling slurry

Based on the land-surface elevation at the boreholes, and the historical range of water-
levels in the shallow wells at the Landfill, a target depth of 185 feet bgs was selected
for installation of the 10-inch-diameter steel inner surface casings. This depth was
judged to be near, but slightly above the average seasonal maximum water table.
Drilling through the vadose zone progressed slowly at each borehole due to the
presence of clay-filled and partially open solution cavities. No perched groundwater or
leachate was present in any of the voids encountered within this interval of drilling.

Drilling continued to a depth of 186 feet bgs at both boreholes. Ten-inch steel casing
was installed and grouted in place in each borehole. Due to the presence of solution
cavities, the FSP-prescribed method of pressure-grouting could not be completed. As
planned, grout introduced through the bottom of the casing would have diverted into
the cavities rather than fill the borehole annulus. Instead, casings were grouted in
incremental lifts using a tremie pipe outside of the casing. The USEPA was notified of
this change by electronic mail (December 21, 2010, J. Shonfelt to T. Howell).
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4.4.2.4 Dirilling through Saturated Bedrock

The final drilling stage was planned to advance each borehole so that it penetrated a
transmissive zone observed in the upper Eminence Dolomite at existing well MW-1.
The AOC stipulated a target termination elevation of 525 feet amsl, amounting to a
depth of at least 395 feet bgs. The FSP specified advancing this stage of each boring
by 10-inch-diameter air-rotary drilling. However, at both wells the first 50 feet of this
interval (i.e., 185 to 235 feet bgs) was drilled using cable-tool methods, before
transitioning to air-rotary methods for drilling to the final target depth. The cable-tool rig
was used for the shallower section of each borehole due to soft landfill conditions,
which prohibited making the required switch of drill rigs when, in both instances, drilling
was ready to proceed. Air-rotary drilling was used to complete each borehole below
235 feet bgs after the landfill had dried sufficiently to mobilize the air-rotary rig without
damaging the cap.

As specified in the FSP, screening-level borehole groundwater samples were collected
for analysis of TCL VOCs at several depths as drilling progressed. The table below
summarizes the samples collected.

Boring Intake Depth | Open Interval Sample
Location (feet bgs) (feet bgs) Date Sample Type
Purged 643 gallons and
MW-107 220 186-235 7/11/2011 collected samples
Purged 1,212 gallons and
MW-107 280 186-295 8/17/2011 collected samples
Purged 1,800 gallons and
MW-107 340 186-355 8/22/2011 collected samples
MW-108 195 186-195 1/5/11 Direct grab in open borehole
MW-108 210 186-210 1/6/11 Direct grab in open borehole
Purged 458 gallons and
MW-108 220 186-235 3/16/2011 collected samples
Purged 1,288 gallons and
MW-108 262 186-295 8/29/2011 collected samples
Purged 1,875 gallons and
MW-108 313 186-355 8/31/2011 collected samples

The FSP prescribed the use of inflatable packers to isolate each sample interval before
collection. However, significant difficulties with borehole cave-in from several large
voids made the use of packers too risky to attempt (e.qg., if cave-in occurred while
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packers were deployed, the packer string could be permanently stuck, leaving no way
of completing the borehole).

Therefore, the samples were collected without packers from open borehole intervals
that increased in length with each successive stage of drilling. To maximize the
likelihood that each sample was representative of its intended test interval, the pump
used for the purged sample was placed approximately 15 feet from the bottom of the
open borehole for each test. Each interval was purged of a total of 3 volumes of the full
length of the open borehole prior to sampling. The USEPA agreed to this alternative
sampling approach after reviewing the analytical data from open borehole samples
collected during drilling (ARCADIS 2011a and 2011b).

The deepest interval of each borehole (approximately 355 to 410 feet) was not tested
using the open-hole 3-volume purge method. Because the FSP required installation of
a permanent well in this zone (which includes the target transmissive zone), collecting
a preliminary screening-level sample was agreed to be unnecessary.

The borehole of MW-107 reached its total drilled depth of 410 feet bgs on August 23,
2011. The borehole of MW-108 was terminated at 420 feet bgs on September 1, 2011.

4.4.3 Geophysical Logging

After completion of drilling, geophysical logging was completed for each borehole on
September 27, 28, and 29, and October 6, 2011. The logging suite included the
following:

e Downhole video camera survey with side-looking capability
e Borehole fluid temperature and fluid resistivity log

e Natural gamma log

e Three-arm caliper log

e Heat pulse flow meter log

The downhole camera survey was recorded for each well on the first day of logging,
with separate sweeps for side- and down-view camera angles. Logs of fluid
temperature and resistivity were recorded the following day after allowing the
boreholes to stand undisturbed overnight. Natural gamma and caliper logs were then
completed.
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Vertical flow meter logging was completed using a heat-pulse flow meter, taking
ambient flow readings at approximately 15 to 20 stations in each borehole. In an initial
pass, the flow meter was fitted with rubber baffles sized to the 10-inch borehole
diameter. In MW-107, ambient vertical flow was measurable with this setup at all
targeted depths. At MW-108, vertical flow rates measured shallower than
approximately 350 feet bgs exceeded the operational range of the flow meter, and
could be detected only by repeating the measurements with an undersized baffle that
allowed some flow to bypass the meter. Values recorded while using an undersized
baffle are semiquantitative, but were judged by the field team (which included the
USGS) to be satisfactory for indicating flow direction and relative flow rate. Based on
the degree of ambient flow measured in each borehole, it was agreed that dynamic
flow logging (i.e., flow logging while pumping from the top of the water column) was
unlikely to provide significant additional information, and was not attempted.

Geophysical data are presented on logs in Appendix A.
4.4.4 Open Borehole Point Sampling

On October 5, 2011, after reviewing the geophysical logging data, six open-hole point
samples were collected as a final step to evaluate the vertical distribution of COPCs
before selection of well-screen intervals. Target sample depths were selected above,
within, and below the apparent transmissive zone (a zone identified via the geophysical
logging at depths of approximately 350 to 380 feet bgs in both boreholes). The table
below summarizes the samples collected.

Boring Intake Depth | Open Interval Sample

Location (feet bgs) (feet bgs) Date Sample Type

MW-107 340 186-410 10/5/2011 Point-sampler direct grab
MW-107 360 186-410 10/5/2011 Point-sampler direct grab
MW-107 390 186-410 10/5/2011 Point-sampler direct grab
MW-108 340 186-420 10/5/2011 Point-sampler direct grab
MW-108 370 186-420 10/5/2011 Point-sampler direct grab
MW-108 390 186-420 10/5/2011 Point-sampler direct grab

All samples were collected using a stainless steel, piston-operated, point sampling
device lowered to the target depths in the water column using a geophysical logging
winch and line. The equipment was provided and operated by the USGS. Samples
were collected for analysis of TCL VOC:s.
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The Sampling and Analysis Plan specified that, following geophysical logging,
groundwater samples would be collected using inflatable packers. As noted previously,
the use of packers was judged to be extremely risky given the cavernous nature of the
borehole, and the possibility that collapsing material would trap the packer assembly
causing forfeit of the borehole. The collection of point grab samples was agreed to be
an adequate alternative sampling approach.

4.45 Well Construction

After reviewing the drilling notes, geophysical logging results, and screening-level
analytical sample results, two screened intervals were chosen for each borehole.
Screened interval selections and the rationale for each selection are summarized in the
table below.

Selected
Screen
Well ID Interval Zone Monitored Rationale

Screens first significant zone of water-bearing
200 to 220 Water Table Zone ) ]
MW-107S ) fractures and solution porosity below water
feet bgs Gasconade Dolomite abl

able.

o Screens zone of most significant solution
355to 375 Transmissive Zone L .
MW-107D . ) porosity in interval of vertical flow
feet bgs Eminence Dolomite

convergence.

Screens first significant zone of water-bearing
192 to 212 Water Table Zone ) )
MW-108S ) fractures and solution porosity below water
feet bgs Gasconade Dolomite abl

able.

. Screens zone of most significant solution
363 to 383 Transmissive Zone L ]
MW-108D . . porosity in interval of vertical flow
feet bgs Eminence Dolomite

convergence.

Well construction details were discussed and agreed upon during an October 19, 2011
conference call, which included representatives of the USEPA, the MDNR, the USGS,
TRW, and ARCADIS.

Construction of the four monitoring wells was completed from October 31 to
December 21, 2011. As specified in the work plan (ARCADIS 2010), care was used to
ensure emplacement of appropriate grout seals and to minimize the chance of grout
infiltrating to the screened intervals. Grout was emplaced in lifts of no greater than

10 feet and was typically allowed 24 hours to cure before another lift was added. Due
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to the cavernous porosity, significantly more grout and sand were needed to construct
the wells than would ordinarily be required based on the borehole depth and diameter.

Well construction logs are presented in Appendix A. Construction details are
summarized in Table 4-2. Construction was completed as prescribed by the FSP, with
the following exceptions:

e The screened interval of each well is 20 feet long, which is a deviation from the
10-foot lengths prescribed by the work plan (ARCADIS 2010). Based on the
uniformity of low-level detections and the large vertical extent of the targeted
fracture zones and voids, it was agreed that 20-foot screens were more
appropriate to achieve the monitoring goals. The extent of the cavernous zones
also made isolating anything less than a 20-foot interval challenging because the
installation of well seals requires an interval of borehole without voids.

e Wells were constructed of 2.5-inch Schedule 80 polyvinyl chloride in lieu of the
planned 2-inch-diameter materials. This change was made to better accommodate
downhole sampling equipment.

o The well screen of MW-108S was installed with a pre-packed filter pack due to the
cavernous nature of the borehole in its interval. The FSP identified pre-packed well
screens as an acceptable option, if borehole conditions were not favorable for
installation of a filter pack.

4.4.6 Well Development

Well development was conducted on January 31 and February 3, 2012, following the
procedures specified in the FSP. Each well was mechanically surged to remove fines
from the sand pack, and then purged with a submersible pump. Greater than 5
volumes of the well screen, riser, and filter pack were purged from each well, while
monitoring field parameters for stability.

4.4.7 Investigation-Derived Waste Management

ARCADIS and the drilling subcontractor managed investigation-derived waste (IDW)
as indicated in the FSP. In general, all solid and liquid IDW (including drill cuttings,
drilling fluids, and purged groundwater) were containerized for appropriate treatment
and disposal. Due to the volumes of IDW that were generated, roll-off boxes and frac
tanks were staged on site for waste containerization. At the completion of each drilling
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phase, composite waste characterization samples were collected to determine the
appropriate disposal method for each waste stream. All waste characterization
analyses showed the IDW to be nonhazardous. All clear water IDW was disposed of at
the City of Sullivan publicly owned treatment works, after obtaining approval based
on water clarity and laboratory results. Soil and rock cuttings, and unsettled drilling
fluids were transported off site for disposal at a Subtitle D landfill permitted for special
industrial waste. Appendix B contains the IDW documentation pertaining to the
drilling activities performed during the Site Characterization.

4.4.8 Groundwater Monitoring

In the year following the installation and development of the new monitoring wells, four
guarterly groundwater monitoring events were completed:

e March4to 13,2012
e June 18to 22,2012
e September 10to 13, 2012
e December 10 to 14, 2012

Each event included a total of 13 wells, comprising all existing Landfill wells, the Voss
private water well, and USGS monitoring wells MW-1 and MW-1A. Sampling was
completed as described in the FSP. The major elements of the monitoring plan
included:

e Atthe start of each event, the water level in each well was gauged with an
electronic water-level meter.

e Ateach well, a submersible pump was deployed within the screened interval and
was used to purge the well at a gentle rate, adjusted to minimize drawdown.

e Purge water was monitored using a field water-quality meter equipped with a flow-
through cell. The parameters of pH, specific conductance, dissolved oxygen,
oxidation-reduction potential, turbidity, and temperature were monitored for
stability.

e After stabilization, samples were collected for the list of analytes detailed in
Table 4-2.
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e Samples collected from the Voss private water well were collected using the

dedicated downhole pump by filling the bottles directly from a spigot.

Additional quality assurance/quality control samples were collected at the frequency
specified in the Quality Assurance Project Plan (QAPP; included at Attachment 4 to the
RI/FS Work Plan [ARCADIS, 2010]). Samples were shipped under chain of custody
protocols for laboratory analysis by TestAmerica, located in Canton, Ohio.
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5. Investigation Findings
5.1 Quality Assurance/Quality Control
5.1.1 Data Usability Evaluation

All environmental samples were analyzed by TestAmerica, which in turn submitted
analytical reports to ARCADIS. ARCADIS evaluated all laboratory analytical data from
samples collected during the Site Characterization in accordance with the QAPP
(Attachment 4 of the work plan [ARCADIS 2010]). The complete laboratory report
packages from TestAmerica are provided on readable compact disks in Adobe Acrobat
file format (Appendix E). The ARCADIS data validation reports for the Site
Characterization activities and groundwater sampling events are included in

Appendix D.

5.1.2 Quality Assurance/Data Validation Summary

Data validation is the procedure of reviewing data against a known set of criteria to
verify data validity prior to its use. Data validation procedures have been developed by
the USEPA to standardize the validation process for analytical results for both water-
and soil-quality investigations, and are documented in the USEPA Contract Laboratory
Program National Functional Guidelines for Organic Data Review (USEPA 1994a) and
USEPA Contract Laboratory Program National Functional Guidelines for Inorganic
Data Review (Functional Guidelines; USEPA 1994b). The Functional Guidelines
(USEPA 1994a) are intended to be used as a guide for evaluation of data generated
under statements of work for organic and inorganic analyses associated with the
USEPA Contract Laboratory Program (CLP). The Functional Guidelines (USEPA
1994a) also provide general data validation guidelines that can be applied to data
generated using non-CLP analytical methods.

5.2 Surface-Water and Spring Characterization Results

5.2.1 Results of Winsel Creek Evaluation

The evaluation of Winsel Creek was completed on May 25, 2010. The principal tasks
included gauging flow, measuring surface-water field parameters, and collecting

surface-water samples for laboratory analysis. Gauging and field parameter results are
summarized in Table 5-1. Analytical results are summarized in Tables 5-2 and 5-3. The
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results of key constituents are presented on Figure 5-1. The principal findings include
the following:

¢ Flow in the stream averaged approximately 2.5 cubic feet per second (cfs) on the
day of sampling. The flow rate was greatest at the downstream location
(SW-WC1), and incrementally less at each location farther upstream. The variation
in measured flow is primarily attributed to changing conditions in the creek during
the period of monitoring. On the day of sampling, the creek was in a period of
steady recession following a rain event the previous day. Because it was
necessary to conduct sampling in the upstream direction, the downstream sample
was collected first. At each subsequent station, more time had elapsed and the
overall streamflow had decreased further. The decline in flow is demonstrated by
morning and afternoon measurements completed by the USGS at a stream
crossing downstream of SW-WC2 (see notes in Table 5-1). Note also that the
downstream location (SW-WC1) is downstream of the wastewater treatment plant
discharge, and therefore receives a contribution of flow from the plant.

e Field parameter data are consistent with surface water derived chiefly from runoff.
The parameter values (pH, temperature, and specific conductance) for the three
upstream sample locations (SW-WC2, SW-WC3, and SW-WC4) are similar,
suggesting that no significant inputs occur between the sample locations. The
downstream location (SW-WC1) shows a slightly higher specific conductance and
lower pH that is likely attributable to the treatment plant effluent.

¢ No VOCs were detected in the Winsel Creek surface-water samples.

e Detections of metals were within the expected range for natural waters, with no
values exceeding MCLs.

e Detections of ionic compounds were within the expected range for natural waters.
Concentrations of compounds associated with wastewater (e.g., sulfate,
phosphorous) were marginally higher in the sample collected downstream of the
wastewater treatment plant discharge (SW-WCO01).

No springs or seeps were identified within the surveyed reach of Winsel Creek, either
during the sampling event or during the reconnaissance completed in April 2010. No
tributary branches intersected the creek between the upstream and downstream
locations, except for the discharge from the City of Sullivan wastewater treatment plant
(Figure 2-1).
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In accordance with the Sampling and Analysis Plan, Winsel Creek was sampled only
once. It is notable that the creek was not flowing during the October 2010 sampling
event of springs and cave streams, consistent with its nature as a losing, intermittent
stream.

5.2.2 Results of Spring and Cave Stream Evaluation

Monitoring of selected springs and cave streams in the Sl Area was completed twice,
in May and October 2010. During each event, the principal tasks were to gauge flow,
measure water field parameters, and collect water samples for laboratory analysis.
Gauging and field parameter results are summarized in Table 5-1. Analytical results
are summarized in Tables 5-2 and 5-3. The results of key constituents are presented
on Figure 5-1. The principal findings are discussed below.

5.2.2.1 Flow Gauging Results

e Atall locations, the flow was higher during the May event than during the October
event. For example, flow in the La Jolla Spring Cave stream had declined
approximately 40% between the two events. All locations sampled during the May
event were still flowing sufficiently to be sampled during the October event, except
SW-LJ-02 (Figure 5-2), which is a tributary to the primary cave stream in Meramec
Caverns and was found to be dry.

e The primary cave stream in Meramec Caverns (i.e., SW-LJO1 and SW-LJ03) was
the largest discharge feature in the Sl Area, excluding the Meramec River. The
cave stream was gauged at 9.3 cfs in May and 5.8 cfs in October. Copper Hollow
Spring was the next largest feature, discharging approximately 2.5 cfs in May and
0.35 cfs in October.

e The cave streams in Fisher Cave (with a maximum gauged value of 0.24 cfs) are
relatively minor discharge features compared to La Jolla and Copper Hollow
Springs. It is notable that in both May and October, the sum of flows of the two
tributaries (SW-FC2 and SW-FC3) was greater than flow measured in the
combined cave stream where it discharges from the cave mouth (SW-FC1). It
appears that the cave stream loses flow in the final reach, potentially discharging
through several small seeps on the bluff immediately north of the Fisher Cave
entrance.
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e Tin Cup Spring (SW-TCO01) was the smallest discharge included in the monitoring
program, with approximately 0.1 cfs during the May event and 0.01 cfs during
October.

5.2.2.2 Field Parameters

o Field parameters of temperature, pH, and specific conductance were found within
expected ranges for natural groundwater in each spring and cave stream sampling
location.

5.2.2.3 Analytical Results

e TCE was the only VOC detected in the primary cave stream samples from
Meramec Caverns (SW-LJO1 and SW-LJ03). TCE was not detected in other
locations. No other VOCs were detected in any spring or cave stream samples.
The VOC sampling results are summarized in the table below.

TCE Result All other VOCs
May and October
Sample Location May 2010 Oct 2010 2010
SW-LJO1 1 ug/L 5.1 ug/L non-detect
SW-LJ02 <1 ug/L 5.0 ug/L non-detect
All other spring a.nd non-detect non-detect non-detect
cave stream locations

e The increase in TCE concentrations from May to October 2010 corresponds with a
decrease in stream flow, as discussed above. Note that the maximum TCE
concentration detected in the La Jolla Springs cavern (i.e., 5.1 pg/L) is greater than
the maximum TCE concentration detected in groundwater in any well during any
sampling event at the landfill (i.e., 3.2 pug/L at well MW-107S in December 2012).
Groundwater analytical results are discussed further in Section 5.3.6.

o Detected levels of inorganic constituents in samples from the Meramec Caverns
were consistent with concentrations expected for natural waters. No detected
values were found above their respective MCLs. In general, dissolved solids
concentrations were higher in October than in May, consistent with the lower flow
rates and inferred longer average residence time of water in the cave system.
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5.3 Groundwater Characterization Results
5.3.1 Landfill Condition

While completing reconnaissance, drilling, and sampling tasks at the Landfill, the
condition of landfill was found to be excellent. In general:

e The cap was found to be in good condition throughout the landfill, with no areas of
erosion or obvious recent subsidence. A healthy grass cover was observed, with
no trees or shrubs.

e No areas of ponding were observed within the Landfill.
¢ No active seeps were observed within or adjacent to the Landfill.

Throughout the investigation activities, care was taken to minimize damage to the
landfill cap. Precautions included postponing work for extensive periods of wet
weather, when the landfill was judged to be too soft to bear the weight of the drill rigs
and supporting equipment.

5.3.2 Geologic Observations

Observations about nature of the subsurface were generally consistent with
expectations, based on prior work completed at the Landfill and at USGS monitoring
well MW-1. The geologic framework is described in Section 2.4. Well logs for each
boring, including geologic descriptions based on recovered drilling cuttings, are
included in Appendix A. Cross-section B-B’ (Figure 5-4) illustrates the principal
stratigraphic contacts observed. The stratigraphy observed at the landfill is
summarized in the table below.
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Approximate Depth

(feet bgs) Unit Characteristics
0to 16 (both Cap and landfill waste | Clay cap above mixed general refuse
locations) materials

White friable cherty sandstone, highly
weathered near surface. Extremely cherty in

16 to 90 (MW-107) Roubidoux Formation

16 to 85 (MW-108) Sandstone

places.

Light gray to light brown cherty dolomite.
Numerous voids observed throughout unit,

90 to 250 (MW-107) Gasconade Dolomite
85 to 240 (MW-108)
both above and below water table
(approximately 200 feet bgs). Zone of
cavernous voids encountered in both
boreholes, approximately 190 to 230 feet

bgs.

250 to EOB (MW-107)
240 to EOB (MW-108)

Eminence Dolomite Light gray, cherty dolomite, trace shale
partings. Zone of infrequent voids in upper
approximately 80 feet of unit. Zone of
frequent voids approximately 340 feet bgs to

EOB.

Note:
EOB = end of boring

Unit designations are based on observations of drill cutt